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Understanding the nature and dimension of the food problem and 
the policies available to  alleviate it has been the focal point of the Food 
and Agriculture Program a t  the International lnstitute for Applied Sys- 
tems Analysis (IIASA) since the program began in 1977. 
In the program we are  not only concerned with policies over a five to 
fifteen year  t ime horizon, but  also with a long t e r m  perspective to  obtain 
a comprehensive understanding of the food problems of the world. 
As we anticipate over the coming decades a technological transfor- 
mation of agriculture which will be constrained by resource limitations 
and which could have serious environmental consequences, a number of 
important questions arise. 
(a) What is the  stable, sustainable production potential of the  world? of 
regions? of nations? 
(b) Can mankind be fed adequately by t h s  stable, sustainable produc- 
tion potential? 
(c) What alternative transition paths are  available to  reach desirable lev- 
els of t h s  production potential? 
(d) What a re  sustainable, efficient combinations of techniques of food 
production? 
(e)  What a re  the resource requirements of such techniques? 
(f) What a re  the policy implications a t  national, regional and global lev- 
els of sustainability? 
Stability and sustainability are both desirable properties from the con- 
siderations of inter-generational equity as well as of political stability and 
peace. 
We hold environmental considerations t o  be of critical importance in 
answering the questions posed. 
This report  presents the preliminary results of a case study of Kenya 
carried out as a par t  of the F A 0  /Kenyan Government /IIASA Collaborative 
Project. 
As understanding of the ecological and technological limits of food 
production is a critical part of agricultural development planning, this 
report  hghlights the results for Kenya and the  methodology of evaluating 
agricultural production potential, population supporting capacity and soil 
degradation hazards. Policy relevance and implications for Kenya are  
briefly discussed. 
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RESOURCES, ENVIRONMENT AND TECHNOLOGY OPTIONS FOR 
FOOD PROD~CXON AND SELF SUFFICIENCY IN KENYA 
M. M. Shah and G .  Fischer 
1. Introduction 
The extent to which natural resources, namely land, climate and water, can 
produce food and agricultural products is limited. The ecological limits of pro- 
duction are set by soil and climatic conditions as well as by the specific inputs 
and management applied. Any "mining" of land beyond these limits will, in the 
long term, only result in degradation and ever-decreasing productivity unless 
due attention is paid to  the preservation, conservation, and enhancement of the 
natural resource base. 
Recent demographc estimates suggest that Kenya's population growth rate 
of 3.9% is one of the  highest in the world. The future domestic requirements for 
food, industrial raw materials and export crops require sound policies of agricul- 
tural land use, especially if sustainability of production is to  be ensured in the 
long term. What is the stable and sustainable production potential in Kenya? 
What are the levels of population that  can be adequately supported by this 
potential? What trade patterns may be necessary to ensure sufficient food? 
What are the technological requirements and how can the alternative transition 
paths be achieved? These central issues of agricultural development planning in 
Kenya are being investigated within the FAD/IIASA-Kenya collaborative Agroeco- 
logical Zone Project entitled "Land Resources for Populations of the Future - A 
Case Study of Kenya" (FAD, 1979). The work in Kenya consists of three phases, 
as described in the following. 
Phase 1 : Analysis carried out on the basis of a 10,000 ha land unit as inven- 
toried from the FAO-UNESCO Soil Map for Kenya. This phase was completed 
a t  the end of 1979. 
Phase 2: The basic land unit of 100 ha is inventoried on the basis of a 1 : l  
million Kenya Soil Map (Kenya, 19BO). Detailed country information is used 
to develop a two-season rainfall inventory, to identify present crop-specific 
technology and input use, to assess soil erosion, productivity losses and 
conservation requirements, and to develop methodology for determining 
crop choice and technology requirements. Ths  methodology, for. example, 
considers aspects of food self-sufficiency and quantifies the input and tech- 
nology requirements. 
Phase 3: The feasibility and policy implications of alternative technology 
paths, cropping patterns and environmental conservation are being investi- 
gated in conjunction with the IIASA Food and Agriculture Model of Kenya. 
Phases 2 and 3 are presently in progress. In this paper the discussion is 
limited to a description of the overall methodology and preliminary Phase 1. 
2. FA0 agroecological zone (AEZ) methodology 
The methodology and computer programs (Fischer and Shah, 1980) for the 
assessment of agricultui-a1 production potential are based on methodology (FAO, 
1976, 1979) fundamental to any sound evaluation of land. The methodology 
developed is used to assess land suitability and potential yield for each of the 18 
food crops (including livestock) considered in the study (Fig. 1). (FAO, 1979 a ,  b.) 
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Figure 1. FA0 Methodology and Crop Yield Model. 
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In phase 1 this inventory comprised overlay of a specially compiled climatic 
inventory on to the 1:5 million FAO/UNESCO Soil Map (FAO/UNESCO, 1971-79). 
The climatic inventory differentiated four major climates and thirty-two length 
of growing period (LGP) zones a t  30 day intervals (e.g. 120-150 days). Measure- 
ments of the unique agroecological zones resulting from this combination allow 
quantification of the land resources in terms of soil and climatic conditions. 
In Phase 2 the computerized Kenya Agroecological inventory comprises 
overlay of 
-- I : 1 million soil m.ap of Kenya (Kenya Soil Survey, 1982) 
-- Present and projected irrigation areas and production 
-- Present and projected forest areas 
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-- Present and projected cash crop areas and production 
-- Present and projected population by location 
-- Present crop mix by location 
-- Climate inventory comprising of eight climate types 
-- Length of growing period inventory distinguishng six classes of growing 
periods per year 
-- National ground reserves by location 
The first step in the methodoldgy is to match the climate and LGP inventory 
with the specific crop requirements to assess the agroclimatic suitability in 
terms of genetic potential yield. The main features of the climatic inventory 
created by FA0 for the assessment of agroclimatic crop suitability (Kassam, 
1979) are as follows. 
(a) Classification of crops into climatic adaptability groups according to their 
fairly distinct photosynthesis characteristics. 
(b) Classification of temperature and moisture requirements of crops. The 
quantification of heat attributes and moisture conditions is based on the 
actual temperature regime during the growing period and a water balance 
model comparing precipitation with potential evapotranspiration. 
Individual crop productivity rules (Kassam, 1979), as determined for each 
major climate and length of growing period zone, permit the assessment of agro- 
climatic crop yield. This is modified by next considering the soil limitations. 
The resultant potential yield (land suitability) is adjusted according to the input 
level. Table 1 shows attributes of each of the three input circumstances used in 
the assessment. Note that the assumption of only three dsc re te  input levels is 
for simplicity and convenience. The Phase 2 study considers an alternative mix 
of technology and crops for specific ds t r ic ts  in Kenya. 
Table 1. Attributes of Input Levels. 
The input limitations allow the quantification of the anticipated yield. The 
final step in the methodology is to take account of environmental conditions in 
terms of productivity and waste losses. The climate, length of growing period, 
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soil characteristics (soil, slope, texture, and phase) and input levels determine 
the environmental conditions in relation to a particular crop. Degradation of 
land takes place in many ways, water erosion and wind erosion being the most 
obvious in rain-fed agricultural production. The productivity loss caused by the 
rate of soil loss under various climatic, soil, and land use circumstances has 
been quantified in the form of a degradation model (FAO/UNEP/UNESCO, 1981). 
The yield and potential production for each of the 18 crops are assessed for 
the land actually available for rain-fed production. The available land is derived 
by making appropriate allowances for nonagricultural land requirement, irriga- 
tion land requirement, cash crop land requirement, national game parks, forest 
land requirement and rest period (fallow) land requirement. 
The application of the methodology (Fig. 1) to eachunit  of available land will 
result in a number of crops (less than 18) that can be potentially produced. A 
decision regarding the crop choice for each unit of land depends on the objec- 
tive function, namely: 
(a)  maximize calories subject to a protein constraint; 
( b )  maximize calories subject to the present Kenya crop mix constraint; 
(c) maximize net revenue subject to year 2000 production targets (domestic 
demand and exports targets for basic food commodities) 
(d) a s  in (c)  but with additional resource constraints. 
For a specific land unit, crop and input level environmental conservation 
will be required to ensure sustainability of production. The degradation model 
consists of a soil erosion model and a productivity loss model (Shah, e t  a1 1982) 
3. Results 
In this paper typical results are discussed. Complete detailed results are 
given elsewhere (Shah and Fischer, 1981, Fischer and Shah, 1982) 
4. Assessment of arable land and crop production potential 
The aim here is to evaluate the maximum production for each crop of the 
assessment under the assumption of a particular level of inputs and conserva- 
tion measures. An example of the results for maize, (wheat, sorghum and mil- 
let) is given in Table 2. 
The results suggest that if conservation measures are implemented, then 
the potential arable land for low, intermediate and u h  input levels in the year 
2000 will be about 8.31, 6.92 and 5.77 million ha respectively. However, the per- 
centages of "good" arable land (excludmg low productivity land) are 71% 73% 
and 81% respectively for the three input levels The area of arable land 
presently (1975) under cultivation is about 3.9 million ha. The potential loss due 
to soil erosion for maize varies from 29% ( h g h  technology) to 50.7% (low technol- 
ogy). Also note the large potential for sorghum and millet in comparison to 
wheat. 
Table 2. Available Land Resources in Kenya and Potential for Production/Soil 
Erosion Productivity Losses for Maize, Wheat Sorghum and Millet- 
Year 2000. 
VH = Very High, H = h g h ,  M = Moderate, L = Low, respectively refer to suitability. 
Low Technology assume Low Inputs, No Soil Conservation and continuation of present crop 
mix. Intermediate Technology refers to intermerhate inputs, 50% Soil Conservation and a 
mixture of present crop-mix and "optimal" crop-mix. High Technology refers to High Inputs, 
Full Soil Conservation m d  "optimal" crop mix. Here the "optimal" crop-mix is crop-mix 
yieldhg maximum calories with a minimum of protein. 
Rainfed Arable Landt ('000 ha) 
%VH + H 
X M  
% L 
Potential for Rainfcd Productiont ('000m.tl 
With Soil Consenration 
Maize 
Wheat 
Sorghum 
Millet 
Without Soil Conservation 
(% Loss in Production Potential) 
Maize 
Wheat 
Sorghum 
Millet 
5. Assessment of popul ationsupporting capacity 
Low lmermediate High 
Technology' Technology* Technology' 
831 3 6923 5771 
27.2 31.4 27.7 
44.1 42.3 53.7 
28.7 26.6 18.6 
1280 4732 9964 
836 231 5 351 1 
938 371 6 7403 
662 271 9 6062 
50.7 37.9 29.0 
41.7 31.4 24.3 
48.5 38.9 29.5 
43.7 37.4 29.3 
The calorie and protein production values for each of these alternative 
assessments a re  t ranslated into a population-supporting capacity. Here the  
Kenyan requirement is assumed to be 2380 calories and 38.8 grams of protein 
per  capiLa per day. The results for the population-supporting capacity and 
inputs (fertilizer and power) required are given in Table 3. 
Table 3. Year 2000 Population Supporting Capacity of Kenya. 
Low Input Intermediate Input 
PCMM' 0.5 PCMMIO.5 Ol'TMlXt 
projected Population (mill.) 31.5 31.5 
High Input 
OPTMM 
31.5 
M h  Conservation 
Potential population (mill.) 8.8 
Fertilizer '000 mt 8 
Power (mill. MDE)§ 248 
Without Cbnsmatwn 
Potential popdetion (mill.) 6.4 16.4 38.4 
Fertilizer '000 mt 7 284 807 
Power (mill. MDE) 213 375 633 
PCKlX = Present Crop Mix continuing to  year 2000 
t OPlWX = Maximize calorie with protein constraint 
D YDE = Man Day Equivalent 
The results suggest that  the projected year  2000 population cannot be sup- 
ported under the assumption of low and intermediate input levels. A t  least a 
mixture of intermediate and h g h  input technology will be required if Kenya is to  
meet  its food needs. A comparison of the with and without. conservation poten- 
tials also highlights the  importance of soil conservation. 
6. Assessment of meeting Year 2000 production targets  
In this case the basic issue considered is: 
"Given the  year 2000 production targets ,  domestic demand and exports for 
basic food commodities in Kenya, what is the extent and location of land 
resources tha t  can fulfill these targets? What will be the consequence of 
resource constraints? What will be the impact  of soil erosion on produc- 
tivity and production?" 
We assume that  farmers operate on the basis of profit maximization. The 
LP model is formulated to facilitate a "best" choice of technologies (low, inter- 
mediate or high), and crop mix (out of the 18 food crops under consideration) 
for each unit of land on the basis of profitability subject to  ecological conditions. 
Four alternative scenarios are  considered, namely: 
Scenario A:  No resource constraints and full soil conservation i.e. no soil 
erosion and no productivity losses 
Scenario B: No resource constraints and a 50% level of soil conservation 
Scenario C: Resource constraints (Quantity of fertilizers, Nitrogen, Potas- 
sium and Phosphorus and power availability in the year 2000 are specified) 
and full soil conservation. 
Scenario D: Resource constraints as  in Scenario C and a 50% level of soil 
conservation. 
Data on the production targets ,  producer prices and resource constraints 
are  given in Table 4. The results for the  year  2000 are derived a t  constant 1975 
prices for 'both the outputs and inputs. A summary of some relevant results for 
t he  four scenarios is given in Table 5. For all commodities except maize, 
banana-plantain, and sugar, the production targets  are  me t  in all the four 
scenarios. 
In Scenario A (no resource constraints and full soil conservation) the only 
commodity for w h c h  the production ta rge t  cannot be met  is banana and plan- 
tain. In this case 55% of the ta rge t  can  be fulfilled. The total land area required 
is 4.314 million hectares and out of this 96% would be under h g h  technology. 
The fertilizer and power required is 536000 m t  and 477 million man day 
equivalent (MDE) respectively. In 1975 the total fertilizer (Fischer and Shah, 
1982) and power used for the production of food commodities was about 74000 
m t  and 319 million MDE. Hence fertilizer usage in Kenya will need to increase a t  
a r a t e  of 7.9% annual up t o  the year 2000. For power the corresponding ra te  is 
1.6% annually. Kenya's rural  labor force is expected to grow a t  about 3Z annu- 
ally during this period. 
In Scenario B the effect of only a 50% level of soil erosion conservation is 
tha t  the production targets for maize, banana and plantain and sugarcane can- 
not be met .  The shortfall is 3.6%, 65.9% and 27.6% respectively. Furthermore 
the  resources required are  also higher than  those in Scenario A.  The land use, 
fertilizer and power requirement is ?.4%, 17.9% 10.1% respectively higher than 
the  Scenario A case. In Scenario C and Scenario I), the fertilizer and power avai- 
lability in the year 2000 a re  constrained t o  370,000 m t  an.d 820 million MDE. 
Here again the production targets  for maize, banana and plantain and sugar 
cannot be met .  For all other commodities the targets  are  me t .  For maize the  
shortfall is 24.6% and 45.9% for Scenario C and D respectively. for banana and 
plantain the corresponding percentage shortfall is 41% and 47.2% and for sugar 
17.7% and 21.6Z respectively. 
The land use in Scenario C is comparable to  Scenario A. A comparison of 
these two scenarios suggests tha t  the effect of fertilizer and power constraints 
Table 4. Year 2000 Production Targets. Resource Constraints and Prices. 
Crop Production Target 
'000 mt 
1975 Production Prices 
KShs/mt 
Millet 
Sorghum 
Maize 
Phaselous Beans 
Sweet Potato 
Cassava 
Wheat 
White Potato 
Barley 
Groundnut 
Banana /Plantain 
Sugarcane 
Oilpalm 
Resource Cbnstraints 
Fertilizer ('000 mt) 
Nitrogen 
Phosphorous 
Potassium 
Power (mill. MDE) 
Table 5. Resource Use and Net Revenue from Food Production: Kenya Year 
2000. 
Scenario A Scenario B Scenario C Scenario D 
No Resource No Resource Resource Resource 
Constraint Constraint Constraints Constraints 
Fd1 Soil 507. Soil Full Soil 50% Soil 
Conservation Conservation Conservation Conservation 
Total Land Use '000 h e  
-Crop Land '000 ha 
- N l  Land '000 ha 
7. Crop Land: High Input 
Int. Input 
Low Input 
Total Fertilizer '000 rnt 
Total Power '000 mt 
Net Revenue mill. 1975 KShs 
Per Capita Income of Agr. 
Population 
Per  Hectare Income* 
* From production of basic food commodities 
would cause a shortfall in production targets for maize and sugar of about 25% 
and 16% respectively. 
In addition to the above differences in the results of the four scenarios, 
there is another major aspect to be considered. The central fe'ature of the 
methodology and the LP model is the regional allocation of crops according to 
ecological suitability and profitability. What implications does t h s  have on the 
incomes--per capita and per land unit--in each LGP. Table 6 gives a summary of 
th.ese results by major climate and length of growing period for the four 
scenarios. 
Table 6. Total Net Revenue, Income per Capita and Income per Hectare by 
Major Climate and Length of Growing Period Zone-Kenya Year 2000. 
Scenario A Scenario B Scenario C Scenario D 
No Resource Constraint No Resource Constraint Resource Constraints Resource Constraints 
Full Soil Conservation 507. Soil Conservation Full Soil Conservation 507. Soil Conservation 
Warm Tropics: 
Length of 
grodng 
period (days) 
240-270 
210-238 
180-208 
150- 178 
120- 148 
80- 119 
75-89 
Sub-total 
Moderately 
Cool Tropics 
Length of 
gromniz 
period (days) 
330-385 
300-328 
270-208 
240-289 
210-239 
180-208 
150-179 
120- 149 
Sub-total 
Cool Tropics 
Length of 
gm+ng 
period (days) 
330-385 
300-328 
270-299 
240-289 
210-238 
180-209 
15C- 178 
120-149 
Sub-total 
National 57 17 359 1015 4872 308 815 5281 332 884 4433 279 789 
Net Revenue million KShs 1875 (1 US dollar = 10 KShs) 
7 Income per capita in KShs 
p Income per hectare in KShs 
In scenario A (no resource constraints and full conservation) the per  capita 
income and  the income per  hectare from food crop production of the agricul- 
tural population in Kenya in the year 2000 will be 359 KShs and 1015 KShs 
respectively a t  1975 prices (one 1975 U.S. dollar equals 10 Kenyan Shllings) In 
1975 the  pe r  capita income of the agricultural population amounted t o  496 KShs. 
Also in 1975 the per  hectare  income from food production was 1110 KShs and 
from cash crop production 4280 KShs. 
In all t h e  four scenarios the income in the moderately cool and cool tropics 
climate is higher than  t h a t  in the warm tropical climate. Also as expected the  
income in the drier zones is much less t han  in the  wetter  zones; e.g. in Scenario 
A, the per  hectare  income in the warm tropical climate in the 210-239 day zones 
is 1910 KShs compared t o  385 KShs in the 75-89 days. 
For the  zone 330-365 days in t he  moderately cool climate, the per  hectare  
income in Scenario A is 3000 KShs compared to 400 KShs in Scenario B. This 
shows the  seriousness of degradation in specific locations. 
The above se t  of results are preliminary in tha t  they  have been obtained on 
the  basis of Phase 1 inventory of Kenya. The refined Kenya case study on the  
basis of 100 ha  units by district and length of growing period/climate will gen- 
erate  a wealth of information tha t  will be useful for planning and policy formula- 
tion in  Kenya. 
7. Policy relevance 
The da t a  and information generated in t h s  study a r e  useful for many 
aspects  of agricultural development planning. The policy use (Kenya, 1979) and 
implications of the study a re  numerous. 
8. Soil erosion and conservation policy 
The study generates da ta  on the location of areas  where soil erosion may be  
critical. For a particular a rea ,  the analysis provides information on what crops 
and input levels would reduce the level of soil erosion and resultant productivity 
losses. The identification of the a r ea  susceptible to  soil erosion and the conser- 
vation measures  necessary can be linked to  government policy on incentives, 
public works and employment for conservation. 
9. Income distribution policy 
One of the major issues facing developing countries is t h a t  of income growth 
and distribution in the agricultural sector.  The study has t h e  potential to map 
out t he  levels of income on a regionalized (e.g.  district, length of growing period 
etc . )  basis. Such information could provide the  basis for policies on income dis- 
tribution, employment generation and non-agricultural development in "poor" 
areas .  
10. Land distribution policy 
In the study we have assumed tha t  the year 2000 population distribution 
over zones will be the same as  in the year  1975. In reality t he  population will 
migrate due to  various social and economic factors.  The results of the study in 
the context of per  capita and per  hectare  income (linked t o  size of land holdings 
and population) can be useful for the formulation of policies on  1.and distribution 
and size of land holdings. Thls in turn  will affect the in and out migration from 
specific areas .  
11. Migration and food distribution policies 
The study identifies areas of potential production as well as areas whch are 
or will be critical (the resource base cannot support the resident population). 
Expected levels of income from food production in terms of per capita and per 
hectare are also mapped out. Policies on outmigration and/or alternative 
development are relevant here. 
In contrast to outmigration, when the land base cannot produce the local 
food requirement and sufficient income, is the creation of alternative employ- 
ment opportunities and the transfer of food from surplus areas. The latter 
aspect will necessitate investments in transportation, additional food storage 
capacity and infrastructure development. 
12. Domestic food demand and trade policies 
Relative prices, shifts in traditions, the marketing system and development 
have largely been the causes of changes in the domestic food demand (Shah, 
1979). For example,the demand for sorghum and millet has declined while the 
demand for wheat has increased. Does Kenya have the natural resources (cli- 
mate, ramfall, and land) to satisfy the increasing domestic demand for particu- 
lar food crops? The results on potential production of individual crops can be 
incorporated in domestic food policies to "push" (increase demand) for crops 
with high production potential and to "pull" (decrease demand) for crops with 
low production potential. 
In the past export trade has been concerned basically with nonfood crops. 
The potential production of some cereal crops, roots and livestock products sug- 
gests trade possibilities. The methodology permits an evaluation of thrs type of 
issue. 
13. National game parks policy 
In Kenya there are  some 30 national game parks and 21 proposed national 
reserves. Th s  land area amounts to 11.7% of the total land area. Many of these 
parks and reserves are situated in marginal areas; however, some areas have 
considerable agricultural potential. At 1978 producer prices, the value of poten- 
tial food production from national parks and proposed national game reserves 
has been estimated (Shah, 1980) to be 03.7 million and 20.1 million Kenya 
Pounds, respectively. (1  Kenya Pound = US Dollars 2.8) 
Kenya is committed at  present to preserving its wildlife heritage - the heri- 
tage of mankind- but will its population in the next century be forced to 
reassess this commitment? 
14. Concluding remarks and further work 
The assessments of food production, environmental impact, technological 
requirements and population-supporting capacity and incomes from food pro- 
duction have been discussed in this paper. The results of this study together 
with the IIASA Food and Agriculture model of Kenya will provide a powerful tool 
for agricultural planning in Kenya. 
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